Abstract
Introduction

28
Understanding patterns of movement and stock structure is vital for the development of spatially 29 appropriate management and conservation action ; Thorrold et al. 2001) . It is 30 well recognised that tag and recapture methods for assessing species movement and population 31 structure only provide information on tagged fish, require large numbers of fish to be tagged to get 32 meaningful returns and can be expensive. Otolith chemistry provides an alternate approach since all 33 fish contain a natural tag. Furthermore, unlike conventional tag and recapture technologies, otolith 34 chemistry is applicable to all life history stages (Gillanders 2005) . 35
36
Otoliths are calcium carbonate structures that act as chronometers of environmental change by 37 incorporating information from the surrounding environment into their matrix (Elsdon et al. 2008) . 38
This incorporation is permanent (Campana 1999) , and has been widely used to reconstruct the 39 environmental histories of fish and to delineate discrete stocks of fish (Campana et species (intra) genetic differences (stock or population differences) may also cause differences in 55 otolith chemistry. One previous study has reported intraspecific effects (genetics) on otolith 56 chemistry of a teleost (Menidia menidia) (Clarke et al. 2011) . Similarly extrinsic factors also require 57 further investigation into their influence on otolith chemistry since variation among species is 58
reported (Elsdon and Gillanders 2003) . 
Materials and Methods
79
Experimental design 80 used straight sea water for the ambient seawater (40 ‰) treatments. Treatments with salinities 130 below 40 ‰ were achieved by diluting seawater with bore water (1 -2 ‰) sourced from SARDI 131 Aquatic Sciences. 132
133
Fish were gradually acclimatised to experimental temperatures at a rate of 2 °C over 48-h, using 134 aquarium heaters in tanks to increase temperatures or flow through chillers to decrease 135 temperatures. All tanks were immersed in water baths to maintain constant temperatures. The 16 °C 136 treatments were maintained by external chillers (Carrier ©), split system air-conditioning and back 137 up portable chillers (necessary during the hot South Australian summer). The 20 °C and 24 °C 138 treatments were maintained for both experiments with water baths chilled to 18 °C and individual 139 tanks raised by aquarium heaters to the appropriate levels. 140
141
Temperature and salinity were periodically measured in each tank using an electronic water quality 142 unit (YSI Sonde -556 MPS). The meter was calibrated once a week using a solution of known salinity 143 and temperature chosen to represent the mid range of experimental salinities and temperatures. 144
145
Chemical analysis of water samples 146
Water samples were collected for elemental analysis at the beginning, midway and at the 147 completion of the rearing period. Water samples were collected using a 25 ml syringe, filtered (40 148 µm) and nitric acid preserved (pH < 2) before refrigeration. Experimental water samples were 149 analysed for ambient elemental concentrations, which were determined using dual-view inductively 150 coupled plasma-atomic emission spectrometer (DV ICP-AES; Perkin-Elmer 3000) for the analysis of 151 calcium (Ca) and magnesium (Mg) and a dynamic reaction cell inductively coupled plasma-mass 152 spectrometer (DRC ICP-MS; Perkin-Elmer 6000) for the analysis of strontium (Sr) and barium (Ba). 153
Water concentration data were converted to molar concentrations and ratioed to calcium. 154
155
Otolith preparation and analysis 156
At the end of the experiments (28 days), all fish were euthanized in an ice and seawater slurry, and 157 then stored frozen until the otoliths were extracted. For each fish, standard lengths were recorded 158 before dissection. The sagittal otoliths were extracted, washed in ultrapure water and allowed to dry 159 before being stored in microcentrifuge tubes. Otoliths were embedded in two part epoxy 'Epofix' 160 (Struers) spiked with 40 ppm indium and sectioned transversely through the nucleus to 0.35 ± 0.05 161 mm using an Isomet low speed diamond saw (Buehler Ltd). Otolith sections were polished using 162 lapping film lubricated with ultra pure water to produce a surface finish appropriate for chemical 
Results
216
Rearing environment and fish growth 217
Experimental salinities and temperatures generally conformed to the treatment conditions, with 218 only minor variation between treatment tanks (Table S1   1 ). Each treatment was significantly different 219 for both temperature and salinity. Salinities were sometimes slightly elevated from the nominal 220 level, which was likely due to concentration from evaporation (Table S1 1 ). Trace elemental 221 concentrations of rearing waters were not manipulated and were generally consistent between 222 tanks (Table S1   1 ). However, there was some minor fluctuation in Ba:Ca concentration in the most 223 saline treatments (50 ‰) compared to the other salinity treatments. Standard lengths of 224 experimental A. japonicus revealed slight (non-significant) variation in fish size at the time of 225 sacrifice (Table S1 1 ). 226 Table 1 ). For the three way interaction (salinity  temperature  stock) 233 found for otolith Sr:Ca, there were three significant differences between stocks. At 24 °C, the WA 234 stock had significantly higher Sr:Ca concentrations for 30 and 40 ‰, but not for 10 and 50 ‰ ( Figure  235 1a), than the NSW stock. At 20°C, there were only significant differences between stocks at 50 ‰ 236 with the WA stock again incorporating more Sr:Ca (Figure 1a) . The otolith Ba:Ca interaction between 237 salinity and stock was due to the two stocks differing at two salinities (30 and 50 ‰), but not at the 238 other two salinities (Figure 1b, 3a) . At 30 ‰, otolith Ba:Ca was significantly greater in the NSW stock, 239 whereas at 50 ‰ it was significantly greater in the WA stock (Figure 1b, 3a) . were significantly different where higher concentrations were found at higher temperatures, which 285 was similar to the NSW experiment (Figure 1c) . 286 287 A significant tank effect was also found for the elemental composition of A. japonicus otoliths from 288 the WA stock for two of the elements analysed, Ba:Ca and Mg:Ca (Table 4) that environmental reconstructions using otolith chemistry are complicated, particularly for 322 euryhaline fish. We found that stock (genetics) had a significant effect on the incorporation of 323 strontium (Sr) and barium (Ba), but not magnesium (Mg) in the otoliths of A. japonicus, but this was 324 often influenced by salinity or temperature. For Sr, stock showed a significant interaction with 325 salinity and temperature, while Ba showed a significant stock and salinity interaction. These results 326 suggest that the effects of salinity and temperature on Sr and Ba are at least modified by intrinsic 327 factors such as intraspecific genetic differences. We are only aware of one previous study that 328 
